O ral hormonal therapy is the preferred method of contraception, especially among young women. In the United States in 2002, 12 million women were using "the pill."
agents was modified to reduce the androgenic activity, thus producing the third-generation progestins (desogestrel, gestodene and norgestimate). Newer progestins are chlormadinone acetate, a derivative of progesterone, and drospirenone, an analogue of the aldo sterone antagonist spironolactone having antimineralocorticoid and antiandrogenic activities. Drospirenone is promoted as causing less weight gain and edema than other forms of oral contraceptives, but few well-designed studies have compared the minor adverse effects of these drugs. 3 The use of oral contraceptives has been reported to confer an increased risk of venous and arterial thrombotic events, [4] [5] [6] [7] specifically an absolute risk of venous thrombosis of 6.29 per 10 000 woman-years, compared with 3.01 per 10 000 woman-years among nonusers. 8 It has
Higher risk of venous thrombosis associated with drospirenone-containing oral contraceptives: a population-based cohort study long been accepted that there is a dose-response relationship between estrogen and the risk of venous thrombotic events. Reducing the estrogen dose from 50 µg to 20-30 µg has reduced the risk. 9 Studies published since the mid-1990s have suggested a greater risk of venous thrombotic events with third-generation oral contraceptives than with second-generation formulations, [10] [11] [12] [13] indicating that the risk is also progestindependent. The pathophysiological mechanism of the risk with different pro gestins is unknown. A twofold increase in the risk of arterial events (specifically ischemic stroke 6, 14 and myocardial infarction 7 ) has been observed in case-control studies for users of second-generation pills and possibly also third-generation preparations. 7, 14 Conflicting information is available regarding the risk of venous and arterial thrombotic events associated with drospirenone. An increased risk of venous thromboembolism, relative to secondgeneration pills, has been reported recently, 8, 15, 16 whereas two manufacturer-sponsored studies claimed no increase in risk. 17, 18 In the study reported here, we investigated the risk of venous and arterial thrombotic events among users of various oral contraceptives in a large populationbased cohort.
Methods
This population-based historical cohort study was based on automatically and routinely collected administrative and clinical data in a coded database. As such, approval was not sought from an ethics review board.
Data source
In Israel, medical care is provided by four notfor-profit health care providers. Every resident of the country may choose to receive his or her medical care from one of these four providers and can switch providers periodically with no penalty. The annual rate of changing providers is about 1%. 19 Clalit Health Services is the largest provider. Its enrolment accounts for more than half of the population, with a somewhat older age profile and lower socioeconomic status than the other three providers. 19 The Clalit clinical database 20, 21 is a comprehensive database that was established in 1998. It has several components, including a medication database, a chronic diseases database, a primary care database of diagnoses by physician visit, a database of laboratory test results and a database of hospital admissions. The databases are based on a full accounting of relevant data achieved through the centralized and standardized computerization of all Clalit primary care physicians, laboratories, pharmacies, and admissions to and discharges from hospital for those insured. Full computerization of all Clalit providers was achieved in 2002, and our study period therefore started in that year. Among information that was not originally collected but that has been added gradually over time are data on health-related habits such as smoking and health-related markers such as body mass index (which are recorded in the markers database).
Study cohort
We searched the Clalit medication database for all women for whom at least one combined oral contraceptive prescription had been dispensed between Jan. 1, 2002, and Dec. 31, 2008 , and who were between 12 and 50 years of age throughout the study period (i.e., the age range for contraception use and the age limit used in studies of the thromboembolic risk of contraceptives). Each type of combined oral contraceptive used by an individual woman was regarded as a separate use episode. All prescriptions for people insured by Clalit are filled in Clalit pharmacies, which have been centrally computerized since 2002. Variables in the database that were used for this study were the catalogue number of each medication, the date the prescription was first filled, the date it was last filled and the number of prescriptions filled.
We 
Study outcomes
We identified first-time diagnoses of thrombotic events, specifically deep vein thrombosis, pulmonary embolism, transient ischemic attack and cerebrovascular accident. We followed the cohort until 2009. We attributed each such event to the last combined oral contraceptive used before the event. Most prescriptions were for a three-month period, and the thromboembolic risk has been reported to disappear within three months after a woman stops using oral contraceptives. 13, 22 Therefore, if an event occurred more than six months since the last combined oral contraceptive was dispensed, we did not attribute it to any contraceptive. We classified deep vein thrombosis and pulmonary embolism diagnosed on the same day Research as pulmonary embolism. We regarded an undetermined diagnosis of either transient ischemic attack or cerebrovascular accident as transient ischemic attack. We calculated the duration of oral contraceptive use from the number of onemonth packages of combined oral contraceptives that were dispensed. The observation time for each woman was the sum of the number of months from beginning of use until six months after the last prescription was dispensed or until a thrombotic event, based on the dates of first and last prescriptions.
Study covariates
For all women in the study cohort, we searched the Clalit primary care, hospital admission and markers databases for diagnoses of clinical risk factors that are known from the literature to be related to venous and arterial thrombosis, specifically obesity (body mass index > 30), smoking and history of hypertension (ICD-9 401-405), hyperlipidemia (ICD-9 272.0-272.4), diabetes mellitus (ICD-9 250) or cancer (ICD-9 140-208). We documented a risk factor if it was diagnosed before the thrombotic event (for women with such an event) or at any time until the end of the study period (for women with no thrombotic event).
Statistical analysis
Combined oral contraceptives containing norgestrel and levonorgestrel were grouped together as second-generation agents. Formulations containing desogestrel, gestodene or norgestimate were grouped as third-generation products. 23, 24 Combined oral contraceptives containing low-dose gestodene, drospirenone or chlormadinone were analyzed individually. We calculated the crude incidence of venous and arterial thrombotic events in relation to each of the following risk factors: age, diabetes, hyperlipidemia, hypertension, cancer, smoking, obesity and duration of contraceptive use (divided into four groups [quartiles]). We performed multiple imputations using all of the above-listed variables to impute missing data for smoking and obesity. We used Poisson regression analysis, with robust standard errors, to estimate the crude rate ratio (RR) for each risk factor and the adjusted RRs, with 95% confidence intervals [CIs], for venous and arterial thrombotic events for the contraceptive types. We also ran the model using the negative binomial distribution, for which the shape parameter is a convenient index of overdispersion. The results in these two models were similar. We performed multivariable analyses to compare types of treatment (drospirenone v. third-generation, drospirenone v. second-generation, third-generation v. secondgeneration), with adjustment for other risk factors.
We also performed a secondary analysis to determine if estrogen dosage affected the outcome. Specifically, we used the same model to compare third-generation oral contraceptives containing 20 µg ethinylestradiol (combined with desogestrel or gestodene, accounting for 44.4% of all use episodes in our cohort) with third-generation oral contraceptives containing 30-35 µg ethinylestradiol (combined with desogestrel, gestodene or norgestimate, accounting for 29.0% of all use episodes in our cohort).
Results
In our study population, a combined oral contraceptive was prescribed at least once to 14% of women 12-50 years of age and 20% of women 16-35 years of age. We noted a marked shift in prescribing patterns over the study period, with disappearance of the use of second-generation combined oral contraceptives and a marked increase in the use of drospirenone -containing combined oral contraceptives in recent years ( Figure 1 ). The numbers of users of low-dose gestodene and chlormadinone were too small to allow their inclusion in the multivariable analysis.
Included in the cohort were 329 995 women 12-50 years of age, accounting for a total of 431 223 use episodes and 819 749 woman-years of follow-up. Characteristics of women using second-and third-generation combined oral contraceptives and drospirenone-containing agents are presented in Table 1 . During the study period, 1017 venous and arterial thrombotic events were newly diagnosed (0.24% of all use episodes): 359 cases of deep vein thrombosis (35.3%), 159 cases of pulmonary embolism (15.6%), 194 cases of transient ischemic attack (19.1%) and 305 cases of cerebrovascular accident (30.0%), for overall rates of 6.33 venous events and 6.10 arterial events per 10 000 woman-years. In the univariable analysis, hyperlipidemia, hypertension, cancer, obesity and older age were found to be significant risk factors for venous thrombosis ( Table  2 ). The risk of arterial thrombotic events was also influenced by diabetes. The risk was highest in the first months of use.
In the multivariable analysis, with adjustment for risk factors associated with thrombotic events, the risk of venous thrombotic events was significantly greater among drospirenone users than among users of third-generation combined oral contraceptives (RR 1.43, 95% CI 1.15-1.78) ( Table 3) . Drospirenone was also associated with increased risk of venous thrombotic events relative to second-generation combined oral contraceptives (RR 1.65, 1.02-2.65) (Appendix 1, available at www.cmaj.ca/lookup /suppl /doi:10.1503 /cmaj.110463/-/DC1). The difference in risk between second-and third-generation combined oral contraceptives was not statistically significant (RR 1.38, 95% CI 0.90-2.11) (Appendix 2, available at www.cmaj.ca /lookup /suppl /doi:10.1503 /cmaj.110463/-/DC1). Drospirenone was used by a greater proportion of women during the second half of the study period (Figure 1 ). The detection of disease improved over the study period because of technologic advancement, such as the use of computed tomography angiography for diagnosis of pulmonary embolism. We therefore performed a sensitivity analysis with calendar year as a variable. This modified analysis did not change the results, which implies that the increased risk associated with drospirenone was not a result of detection bias.
The use of drospirenone was not associated with an increased risk of arterial thrombotic events (transient ischemic attack or cerebrovascular accident), relative to use of second-or third-generation combined oral contraceptives, and use of a third-generation agent was not associated with an increased risk of an arterial event, relative to use of a second-generation agent (Table 3 , Appendix 1, Appendix 2).
Restricting our analysis to first-time users (i.e., with data for only the first type of combined oral contraceptive used by each individual woman) yielded similar results but with weaker associations, probably because of smaller numbers of use episodes in each group. In this subgroup, the RR values for venous thrombotic events were 1.30 (95% CI 0.98-1.72) for the comparison of drospirenone with third-generation agents, 1.67 (95% CI 0.98-2.86) for the comparison of drospirenone with second-generation agents and 1.52 (95% CI 0.94-2.46) for the comparison of third-generation with secondgeneration agents. There was no increased risk for arterial events.
In the secondary analysis of estrogen dosage within third-generation pills, there was no difference between formulations with 20 µg estrogen and those with 30-35 µg estrogen in terms of venous thrombotic events (RR 0.95, 95% CI 0.77-1.16) or arterial thrombotic events (RR 1.10, 95% CI 0.90-1.34). 4, 13 Following the publication of case studies of thrombotic events in drospirenone users, this risk was studied in two manufacturer-sponsored studies. The first of these was the European Active Surveillance Study, 17 which had 58 674 women and 142 475 woman-years of follow-up, with power sufficient to exclude only a twofold or higher risk of venous thromboembolism. This study showed noninferiority of drospirenone compared with levonorgestrel and other oral contraceptives. The second study 18 involved 22 429 women initiating drospirenone use (with 14 081 woman-years of follow-up) and 44 858 women initiating use of "other oral contraceptives" (with 22 575 womanyears of follow-up), but again the cohort was too small to observe a difference. In 2009, the Danish national follow-up study 8 and the MEGA (Multiple Environmental and Genetic Assessment of risk factors for venous thrombosis) case-control study 25 showed that drospirenone and third-generation oral contraceptives carried increased risks of venous thromboembolism, when compared with second-generation oral contraceptives; however, drospirenone was not directly compared with the third-generation contraceptives. Two recent case-control studies identified an increased risk of venous thromboembolism with drospirenone, relative to second-generation levonorgestrel. 15, 16 The exact mechanism by which drospirenone might increase the risk of venous thrombotic events is unknown. An increased prothrombotic effect was demonstrated for both drospirenone and thirdgeneration pills, compared with secondgeneration pills. 26 We did not observe any increased risk of arterial events with drospirenone relative to second-or third-generation combined oral contraceptives, and no such increased risk has been found in comparisons of third-generation pills with second-generation formulations. 7 , 1 4 Drospirenone, as an aldosterone antagonist, also decreases the blood pressure slightly, 27 which might balance other factors favouring arterial thrombosis. In case-control studies, smoking was found to be a risk factor for arterial events, but not for venous thrombotic events. 6, 7, 13, 14, 16 We found that women were most vulnerable during the first months of using combined oral contraceptives. A similar pattern was previously demonstrated for venous events 25 but not for arterial events. 6 The reason for this temporal variation in risk has not been studied. Perhaps a relatively short period is enough to expose susceptible women and to facilitate the thrombotic process.
Limitations
Our study had several limitations. There was a possibility of confounding by indication if physicians preferred to prescribe drospirenonecontaining contraceptives to women with a presumed higher risk of venous thromboembolism. We adjusted for most of the known clinical risk factors for venous thromboembolism that might have led to a change in prescription, but we did not have information about family history of this condition. Restricting our analysis to first-time users, to reduce indication bias (as was suggested by an earlier study 28 ), did not change the results. With the database system used for this study, we could not verify diagnoses by examining imaging data. Overdiagnosis might have occurred among users of oral contraceptives but presumably did not occur more often with certain types of pills. Another limitation was our inability to evaluate hospital admissions or acute illnesses as predisposing factors; again, however, a thrombotic event resulting from immobilization would probably not occur more often with a specific kind of combined oral contraceptive. Finally, we could not compare minor adverse effects or advantages between the preparations that we studied.
Conclusions
Most of the available information about the risks of venous and arterial thrombotic events in users of oral contraceptives comes from case-control studies. Venous and arterial events are typically described in separate cohorts. Our cohort of women from a large, unselected population, identified through computerized records, pro- vides insight into risk factors for thrombotic events, as well as an opportunity to compare the risks of thrombotic events between different contraceptive preparations. With the increasing use of drospirenone-containing contraceptives, it is important to raise awareness of the increased, albeit small, risk of venous thromboembolism relative to third-generation pills, especially among those who are older or obese. Further research should explore the pathophysiologic mechanism of the risk of venous thromboembolism with drospirenone.
